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(54) PLASMA ENHANCED CHEMICAL VAPOR DEPOSITION APPARATUS AND METHOD 
OF PRODUCING CARBON NANOTUBE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma 
enhanced chemical vapor deposition apparatus that 
grows a carbon nanotube on a substrate at a 
temperature of about 600°C or lower and that enhances 
vertical orientation of the growing nanotube as well as 
adjusting Its diameter and length, and also to provide a 
method of producing carbon nanotube using this 
apparatus. 

SOLUTION: The present invention provides a plasma 
enhanced chemical vapor deposition apparatus wherein 
a grid Is positioned between a gas supply section serving 
as an upper electrode and a substrate holder serving as 
a lower electrode, to change an electric field in a process 
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chamber and increase a relative number of reactive fine particles. This apparatus enables the 
deposition process to be perfomied at lower temperatures compared with a conventional 
apparatus. By applying a voltage to the grid, a structural characteristic of a material growing 
on the substrate can be adjusted, and by employing a position adjustment section for 
adjusting position and an inclination of the grid, properties of the growing material can be 
adjusted. The invention also provides a method of producing the carbon nanotube using this 
vapor deposition apparatus. 
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K(c^#tti^K-6^e)^5^^y s/ MSiBg^tufcy^X^ 
(Fe), ='^Vi'h(Co)Sfcttr)h.e>©-a-^a>p5fi!c5i 

im^^ 1 1 1 MisftfejK&sKtt 2 0 ~ 2 0 0 mom 



(it*^13l fiaie^^s/^r^&lRKttl 0~2 0 Onm 

^#iat-r5!ii*«i 2 Efio^in-^-yf^a -Zoomit 

15] mu^uy him^(K>:fs^miLi>mm 

yi'a.<*-(?S)«;itSr1*SS[t1-5»*3S8E« 

ist*« 1 6 ] m^i^ y y mm^<opiMiif>mm^ 

tt, flE^'y y Kli^jt^mffiSrBJ^nl-SgiPgSr^e.f- 
[i»*J5l8l MEi^y y KlcBiJli^tx€.^;£«?3'ail 

I?t*« 1 9 ] iirE^lR:^-/ ^*-:/Sr^^-r SSI® 
S!*)3 0 0~5 5 0t<O?a*®Sffl-CfT5rtS:#SI[t 

i: -r 5 8 E^w^^-^- / ^ ^ - 
[»*S 2 2 ] ME^^-^-y 5^|!g 
tin-sit ujcitJ-e-^^nifc^^-^-yf^a-:/* 
»»!i-5S|!gt «r * 6 (c^tf r i ^«#mii-5fl|:*3® 8 

[0 0 0 1] 

B8i-5. 
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[0 0 0 2] 

m^<0&m] ^Igi-y^^-y'tt^iS: (Helical Micro 
tubes of Graphitic CarbonJ (NATURE^ Vol. 354, pp 5 
6-58, 7 Nov(1991). Sumio lijim)\Ct)lii>X1S^:^fl 

r-^'Stm(Arc dischargeXcJ; !9;K^-^-y^3.-p^Sr 
10 0 0 3] locD^iilM 

mm(ommti%<ib<tix'^zL-zmmtti:i>o bp 

-yii, SSW, {l:¥W#tt(ii«l)h<®#»ttiS 

^ (Field Emission Display), 2»ca?6 
[0 0 04] t-4^U ^fi^XlCitSli^T-i'Wcmi^X 

[0 0 0 5] r^^*#kJ^«P8t•t-5:*Sgi tr, Michiko 

Kusunoki fjWfliSC ^Epitaxial Carbon Nanotube Film Se 
If-Orgnized by Sublimation Decomposition of Silico 
n Carbide] (Appl. Phys. Lett. Vol. 71, pp2620, 199 

t4 1 2 0 0'C£Jl±, ^itMrnti 1600~1700t;) 
■?-/f^a-:/<D»[3g^r&<7?J;5{cxSgf*:iJSl 0 0 Ot: 

[000 6] ztitm<!). mm±<^mm%:^is:i-xm 

T, 'Large Scale Synthesis of Aligned Carbon] 
(W. Z.Li||fc^^, Science, Vol. 274, ppl701-17036, D 
ec. (1996). 1701) fctt, ^{IS7k^^;i(f;^Srfk¥^ffi« 
ifa(Chemical Vapor Deposition) ICi O 

^i-y=^:^--fim7k-r?>i3mii'^^m^iix\,^i,. z<d 
$*?>n, T~ifiim^y^-i^-mmm^)ic\.x'&m. 

iJSfc 9 S«OfflieSrilS 6 0 0 "CfiililJiiif 5 r. t ^iS^JI 



[0 0 0 7] imaco$!l^S:Slt5;«f7^S« 

[0 0 0 8] ja3l5, ©SiRpff (±lffi^ 2 9 5 8 3-^(%?^ 

3.-7'©-a-fig:^ffi, 2OOO¥5.«310tlie)f4, yyX-^^ 
'fb'fb^^^H^^ (plasma enhanced chemical vapor de 

position, vu:m^m^^itmn-rj'^-:^---f<r>^i$.ijm 

ft^F-&2):^i£-efe5A^ ilK6<)ic6 0 0'C£]iT-eJrm$ 
S. 

[0 0 0 9] $P>JC, LT, 
7W 7P< h (Hot filament) iS^fflV^)ty7X•7^b^^^B 
^^;&&(Z. F. Ren, Science, Vol. 282, ppUOS; 199 
8), ii5^B«(ECR)7'7X•rS^ffl^^fc^l:^f^«^«*^£ 
($lil1*fl=ffiK^19559^, 2OOO¥4.H140WH), -^-T^ 
n >^ ^-r/ (microwave) zTy :^-^{mWmm^^ (L. C. 

Qin, Applied physics letters. Vol. 72, pp 3437, 1 

998) fii}i^m\^fcmM'i- J 5^*-:^(D^fie*)5fefcM«$ 
[0 0 10] g(riB;^&&ast, -jSroRFr/yX-^^b 
«;::i3»t5ffl«-cai>5 6 o o'CiiifC4S«-^-/f'»-:/© 

■v{e;^SttB^«;&fe(PECVD), ,«««(£ CR) 7^7 

x-7{k^^Rffii!g«^^)£, -^-r^nr^ai-z/^b^jssiffiii* 

ci]SHd>bS«(?3a«tt6 0 0'Cit)i«*5i:®BgjaAS 
[0 0 11] HP*,, Hr-v hy^7?iyhyyy<-^it^^ 

^mMm(om-^tiy -f 7 p< > h*»e>&tb$tisiSi®T-{r 

^aig«;^ife«:y7X-vgft:<oiaa(rj;i9SfiAS6 0 ot: 

e(±»c w $ itimt^^mm^:)jm t m ^^^mt^mm 
t), ^m&-:^y7:-7\t'^^nmmmhmmQoo'x.&,y 

[0 0 12] HfIIBIft9^®J;5t-> ^fiW^^tbfc;^^-^- 
[0 0 13] Ufc*S<5-C, Sfi^«^^lf^C*3V^•Ctt*>)6 0 
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[0 0 14] 

^■t-y^^-y«:*<j6 0 ot£iTc^salc*5^^rfigS^ 
[0 0 15] 

[IflTSCiKl] ®ll1trFtilS«29583^e^*ffl» 
[it#fF3tiK2l SJ11tfFWP»19559^M«aS 
l^^ffXI^ 1 ] Sumio li jima. Helical Microtubes o 

f Graphitic Carbon. 'NATURE'. 7 Nov(1991). Vol. 35 

4, pp 56-58. 

l^¥^ff:SM2] Michiko Kusunoki?), Epitaxial Carb 
on Nanotube Film Self-Orgnized by Sublimation Deco 
mposition of Silicon Carbide, 'Appl. Phys. Lett. ', 19 
97. Vol.7U pp2620. 

W^W±W^3] W. Z. Lilife^, Large Scale Synthe 
sis of Aligned Carbon, 'Science', Dec. 6. 1996. Vo 
1.274, ppl701-1703. 

10^VFX1S^4] Z. F. Ren, 'Science'. 1998, Vol.28 
2, ppUOS. 
[0 0 16] 

^mt^b^Zi^]) y K(grid) ttr-^tpy^X-r^k^^ffi 

[0 0 17] $e>(c. i^^m(n-%mMm\cm^x\t. 
[0 0 1 8] ^rtr, ttrfe^^u y K«:«rls:«f;^tti^lS5S 

mm-mm^') y KOfilraSr#!li$-&2)fc*(;:^lS0f 



[0 0 19] $?>|C, y Kj)S»«f$tLfc 

roSffilc^^y y KSriailtfc7*7X-7ft^^tl^ifSE 

*?J3 0 0~5 5 o"Cw{Sv^jaaiSffl 

[00 20] $ tti 

y 7 r ^JSlSSrJ^J^I- SSPg t iflE/< y v r ifeJ®lg± 

[0 0 2 1] SaiH^^-^-y^a-T'^iKjil-S 
BS, «9IH^' y y K{i9f3e©m]CSrSi*P-t-5 i: lei •) ^ 

^■:^/f■^-:/(^Sil:iarSJ^4SrI^il_h^•^i:e>^^So tfitaa: 
»*L<, ^- 1 00 oviiiTw:ft<oa;ESrPn;!)Pl-5r 

KroiaeM^srpas-r 5 c t ic i t) s«±(c-a'fife $ mz. 

mmm-t/^z^.-'f^-^^i-^m'mt i n-s i t u-c 
fria^fife^nfc^*-:^/ ^^-T-^ttja-f-s i t lei 9 

[0 0 2 2] £iTx mSldS-^t, *:^l^lv:J;57"7X 
■7{b^5C^li6«^e<^«lfiJ^ffiSrPiffl legist -fS, 
[0 0 2 3] 

y7X-7{ii^^ffi^«^g^,T^1-«ti§lil-r'fc5. miic 
J: 5 1 , frE7°7 X-^il:^^ffi^«»SH7'7 X-7 
^$-&«F3tiaW<lrlSit-t-5fc«)©XS^-f 1 0 % 
Aiil-Se taiexm^-rv/-<-i oi^cD±SB{;:ttgf^o 
:«f;^Srtti^-f5fc*ro;y;^»*&«f|51 2;45S«$n. MIE 
XS^-vy^-s- 1 OrtcDTSI5l-«S«4 4 SriBtt1-5fc 
«>OS*g*/i'^'l 4*s^«f$*t5. «rlHXS^-YW-«- 
O-iffltrttmFXigSr^BST'lii^-Ct S i 

^^|SIS«$^5»:, R P (Radio Frequency) mi^llSl 9 
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tmmmi^^/i^y 1 4Sr*>(r±. Tsc®st utRpm 
[0 0 2 4 1 ^mm(ommu^mf&x'^^i)K *ii 

lftJg|g|t*5V>-C»4aiiR#,3 2, ^-5K^>^*V7'3 4. 

[0 0 2 5J ^s-^-y^^-^-^^imcD# 

[00261 *^§g#ttigS!5iSLSI»SrfTofcie«»r£ 
-iv^r, 02. Il35.0!|l|4©j;p(c, iSlimSo;^;^ 
tti^SP 1 2 i TgBmSwSffi*/!'^ 1 4 i: (^feUCi^ y y 
K(grid) 1 6SriBgLt:xe^-r:^.'<-.l Of^-eSJSIS 
Jlffi^O&SriiAD^-frSr fclcit), S«2 Oic^fU-CJ: 
9 iSfi-C y 7 X-=!'^«XSAS^Ti 5 r 1 4:^311, Ufc. 

[0 0 2 7] r©]S3a{J:•o^^•CJ;•)?^L<Si§^•r5i:. 

KcD^^u y K^^Lries6§tifc7'7X^MtaisiF$?g 

ait. if')yV'\z.n&tmiB^f^^Ui}:^^f& 
p' s/5^=^«igSriiiiL/£*sp,^@f6<J*7'7X-7Sr^ fcic 

[0 0 2 8] -fls;i-, ^ft^&^>lSF(;ld3v^-cffl^>p>^^^)^' 

y y K(grid) itt, ^St»11i(7)|SICgB«^?tvfcfe^- 

(;^f'i<wjx^^)d>6^5- t:6Jt?t5. y mil 



- 1 0 f^OSJS«iia^O«*fW*»Srl9aD-C# « t S: 
[0 0 2 9J rwrttt. ^'yy KSrJfAUfc7'9X-r 

3 0 o'C~5 5 o'Cro(S^^xs^tS^#•C!m^l7)S 
t?)*3it» 3 5 0'C~5 5 0'Clc:*5^^•criJ;•)ffi 

IC. Iillfcj:5t> *^??©7'7X-r{|:^M*Bi5«ig« 
tt^'y S' Kl 6tc®}B=Srttif&-t-«fc«>0^y y KfflmJl 

g|52 9 Sr$P>{r^«-r5CtA5-t?t5, y7X-7^«I 

RFttE«:PnAD-f5ri:lcJ;iJS«2 0±{c:^«$ne 

iruipct. mm-r/f-:x--f(owk'xmzii\i^x. ^^y 

[00 3 0] $ib(C. *5l?^OflllllJfiJI^«JC*3V>-CI4. 
^y s, KroSifiigPSKDfc*©^ 1 2 4 i: y 

y KWffl^^Scofc*©^ 2fi:tt^gl5S|5 2 6 ^ 

saiB»lffi@IS®lfi5 2 4l4flfrfS;«f 

;^tt*&gi5 1 2 &tmiB®E*/w-y 1 4 ©rar-fifa^' y y 

ttfiEm2ffig^tSgR2 eii^^y 3/ Kl 6(Offl#4*^ 
^1 4ro±iigffii:^^y y Kl 6ffiti»5figi-AS-SS®ii-5 

f^»*-r?). ffi,«#(0£>gic{£;DT> flfrisry y Ki 6 
2 4. 2 6^®j^«iic^*-r.5it;6sr-i:5o 

[0 03 1 J Lfc^So-C, :imiiSMWiZ.ii\^X\X. %1 

^^fipa5g|i2 4S^fflv^T^'y ^ ki 6 tx«*;uyi 4 

i:<0^fiS&0!^y y Kl 6 i:;(f;^tti^gBl 2 toffiBISr 

j^zL-zfc^mm.^^^-ki.'o^^mcmmx'^i,, m 

Ell 32lt;iai 4H*-«rS'S:5PflraT?i!!ig$Hfc 

^^•fy^^-^osEM^jc-cfcSTjs. Iii3«i5<y 

y K 1 6 tS«3i^/i^^^ 1 4 i:<DWHiS.U5i/y y K 1 6 i: 
:itf;^#fel&lf|Jl 2 fcOlBlSISr** 1. ScmfiKi^U 01 
4tt*>3cm, 2cii)l::^^LTfiitU}t'fo©t>fcSo 0 
1 3*3J:0«1 4(rj;5i:. ill 3<0;K^■:^/5"^-7'i: 

•3111 4©^^:^y^^-^;J5Siti^(Rl^4(c®i^:l<^ 

:/9 X-r It 5" > ^'^;^;a?i)^'> L y 7 X-7 osp*^ g ft M 
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[0 0 3 21 ^ibtc. m^$^2{mmmu2 6\tit7.^ 

U««^S:^fili-r * r i J; t) SaiSXSfl* fcttffiiSXg 

[0 0 3 4] Lfc;J5o-C. ^HegWT'yX-^^li^^ffi^ 
LV\ EP^, *^?^co:/yX-r{l:^§tffiSg#$g@tt|^3 

0 ot;*v>UiK)5 5 o'cew^£^^)!as^#^c*3^^-c^* 

[0 0 3 51 *5ll^(-^f*UV^Ji^lit?Sffl^l|:'£^y y 
l-5^*^f*fcn}g<:D«*ti^y yKT-feS. ll4H:t&^*t 

[0 0 3 61 :if.%^<r>m%-rj'j-=>.'-fm&-)^mt. m 



5B4S|!gtj!i^5>J5g2>o 
[0 0 3 71 

if 1 wmx^itfm^jm<om^^fitim.nttft. 

0!ISria^-r5. lasiciSt, $fe-f. flfrfSSS40±lc: 
/^.;,7r®4 2*jgflK-f5, fllE^<y7r®4 2»l^-o 
B$iiia^O:»c#$SrjpJfflLr/^y7 7l4 2±»c)g^ 

$*t5»^K^JSM4 4(^^B^J^-icSHj»L. fSii^M' 

r®4 2ttj!'B-A(C r). ;?i/^'/W(Ta). 9^^'^' 
(T i)/iif*»f>ji«$Hfcife!K-C*>5rfc;J5-et5, »C 
V^-e> 8(IIE^^s/7t®4 2±(cttjS^mi^4 4SrJ^fig-t- 
5o gfJE«*JttifeJSIi[4 4tt=^s/'>-/KN i), «*(Fe). 
r'^VP h (C o) *fctt-€r®-g'^/!)>5>}g^-t'5 :i t i6S-et 

m^\^t-oxnmx-^i>. m'^x. m2g|ig^c*5v^r 
x-r^t:^scffiii«imos«*/wyii:Baei- 

5. rrT•ffl^^P>^^•5:/7X-r{t:^f^ffi^ti^H^i, * 

14. lil2~El4«::/7X-^{t:^^ffiS«$l@Srfflv>5r 
[0 0 3 81 flfrlEStefrWIHS^JJ^/wyiJcEB-rs® 

t?#. --y !^A:^iif<D/Ffttt;«f;^^^*PL-ty7X-7«i 

xm^-r V/t-F^SBfifi* 300~550t;. J1;^0. 

h/i'(torr)-e^^)/£;6SF>. r>'^~ri}:^i^tc 
m:^r±)K)2 0 o~3 0 owr-i~3 o^>ra^ap-f-5ri: 

[0 0 3 91 ia6;5:V''b7l47°7XT*a3lSjJi:j(0.a^c> 

[0 0 4 01 ^\'^x\ fHAWi.m-i.mis.'^imm^hnit 
h^. m4g;itic*3v^ri4. mmm.=f-m^<ntz^<r>T 

y^~r-^tz}i7k^^:^%:f0i^LXi)^h^m>'~:^:ff^ 
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y:ff:^^mmv^. -«l:lc^7h/c^:^/^L3S^sccm<D;<f^S: 
m.& t ^^mtorr-^ 1 0 torrffiifflc^flE;^ t t . -fy:^^ 

m^<oiti^\cmi^i-^mf}n2 o-e o ow-epnsp-r 

g^tg* <0 R F ajE;55ttj^ ^ S ±Sl5S:U^TgBatii 
[0 0 4 1] Zti\t.9c\cnm\.itt^^s ^Viyh*\cX 

y K(c«la2/J:v^L4^c^?lJ^■r5i;5^- 

[0 0 4 2] El8^U^9fi:. *^^(^^^-^/^ri.->^ 

'&^;&^tcj:«9. 4 0 0t:-effilit^tbfcj^^^/^aL- 

->^;^l>iES*S5 0nmr*?^^$n-C*3'9. E9{CJ;-5^. 

[0 0 4 41 m\ 2\%if.%mm^x.'oW'^^Mz.BM^ 

tt(li6S:(wave number), jK#tt^SSr^t"c K^-^/ 

^^--::/{C@^;:^4#tt-e$>5 l 5 9 Ocm-'lcib^V^-Cb'- 

::^Sr'&^-rsm4SPg(c:*3i^rSfri5i/y 5/ Klcgf^om 
[0 0 4 5] 5felcm0^LycJ:5(-> ^u^mg^^ffi 

[0 0 4 6] z<Dzt^n^xm^'r^<. 



r^y 5/ KfcS«s}^/v.yxu!:y y y Ybii7si»^n\:<o 
it. 

[0 0 4 7] gp*,. r>^::^T:^:^^mm4 OsccmXm 
La;tf 3 0 WSrBlAD LX 5 ^J^fflT^y X-7«ia-r S ^ t 

^CO^Sa^^>«? 5 sccnij^t;^2 Osscm^ La;;^; 2 0 0 

[0 0 4 8] mu ^MI"^/5^n.-ySr^g$-^5*<4^ 

*^y :y K(^Ri;[jp$ns«ffi<Z)MS^:^t$^^^m/jr 
h^fz. fip*>. -|life«^JHSffiSrSiiP^-ffc(ov)«^ 
L. fl&O3o(^||Jfifi?lIflEjJEm«r-5 0V, -7 0V. 
&U^-1 OOV^m^SPj-frrSSliiL. Se^JCfliKDSoO 
*ftMJtRFmiE^5 OV. lOOV, 15 0V<b*>!?M 

[0 0 4 9] mi 5/c^VNL2 l(^^>!ri/y y KMAff 

tcfS y -:/4r*3£S^®®M ( S E M) 

«i^L^¥K-e*)5o mi 5ti0V«JESrB3iPLyt#^ 
-C. -^oMKEfpltt^^^mi 6CDi: Ovmff^Hl 
iPLfcS^ctt)^^>^5cO;JiS^fen§o jK^-:^/^^- 
y<D«(i[iBfRjttfi. m 1 7 (B3*D®JE : - 7 OV){c:43l/> 

1 8 {ms\m^ : - 1 0 ov)^;:jov^rst>stl.ybs^i:sfi 

^RItt;^5^e>^^S<, fiP^). BiiP«ffi<^:^#$^iiAP^'^S 
r t (c J: 9 , ^ y y Kt;:m*tiSKie»fe^<^»^5ii 

APLTjK^f-/^^-y<7)SEBEf^tt/05Sti. ^ffiSfc 

lCRFaffi(AC®E<o«Ftt)SrHl*PrSKl-t. ffi*fW 

i;ia[Jig®jE'e J: »9 m 1 9 ( 5 0 v^:ftD) 

ct 19 fim 2 0 ( 1 0 0 mm x^^ Mttfc^ptt^^ 

&t>^g\/^RFSJE(l 5 0V)^S3;DPr5#^{C;gg:(Ol# 

14SrMtfco roj:5(i:, RF®Er-fc^:<Z>Bi*PmJE* 
[0 0 5 0] £Ji±(c§iP^Lfc*liPJf*«rie<7)^3fe?g^& 

^Mz.^mmw^^^^^9\'Kfii^^^w^\^^^^x^ 
wm%<Dm.^. ikxm^'h'^^^xh^z.bym 

S^S»»tc:*3V^rii^<?5*P«S:*■rS#^c boXXm b 

fi^xh^o 

[0 0 5 1] 
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*sriJ::J:t)ffija-efcll«xaS:?f^5. *e>lc. fill 

[0 0 5 2] ^^m<D-y7:^-7it^%nM^mm^m^ 

-y«riii*)3 0 0~5 5 0'C(Ol6ffl-C'b^g$-&?>*t, 
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